Potential Benefit of Combining Heat Pumps with Solar Thermal for Heating and Domestic Hot Water Preparation  by Carbonell, D. et al.
 Energy Procedia  57 ( 2014 )  2656 – 2665 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of ISES.
doi: 10.1016/j.egypro.2014.10.277 
2013 ISES Solar World Congress
Potential beneﬁt of combining heat pumps with solar thermal for
heating and domestic hot water preparation
D. Carbonell∗, M.Y. Haller∗, E. Frank∗
SPF Institut fu¨r Solartechnik,
Hochschule fu¨r Technik (HSR), CH-8640 Rapperswil, Switzerland
Abstract
In this work, the combination of solar thermal systems with heat pumps has been numerically analyzed. Potential beneﬁts have
been studied by comparing systems that use only a heat pump with combined systems. All simulations were carried out with
Polysun-6 for several climates around Europe. The simulated systems are designed to provide space heat and domestic hot water
for single family houses.
Results presented in this work show that the seasonal performance factor of the overall heating system increases when a solar
thermal system is added for both air source and ground source heat pumps. The performance of the ground source heat pump alone
also tends to increases when it is combined with a solar thermal system. On the other hand, the performance of the air source heat
pump alone decreases when it is combined with a solar thermal system. For this reason, in terms of fractional electricity savings,
the potential beneﬁt of ground source based systems is higher than that of an air source heat pump. Obviously the energetic beneﬁt
also increases with collector area and solar radiation.
In terms of absolute electricity savings, the beneﬁt of adding solar thermal to a heat pump system increases with the electric
energy consumption of the reference system without the solar thermal part. Therefore air source systems have usually higher po-
tential compared to ground source based systems despite of the lower fractional electricity savings. For the same reason, systems
with high energy demand, e.g. systems in colder climates or with lower building insulation standard; will also beneﬁt more than
those of low energy demand. The optimum climate in terms of absolute electricity savings is found in a typical alpine location with
cold climate but at the same time high irradiation in winter.
c© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/)
Selection and/or peer-review under responsibility of ISES.
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1. Introduction
The need of increasing the renewable energy usage at worldwide level has led to combined renewable technolo-
gies for space heating (SH) and domestic hot water (DHW) preparation. The combination of solar thermal collectors
and heat pumps is a very interesting concept and the number of systems available on a commercial level increased
during the last decade. A large eﬀort has been done lately in this ﬁeld in order to analyse these systems, investigate
improvements, and provide standards for testing these systems. An example is the research done in the framework of
the International Energy Agency (IEA), Solar Heating and Cooling programme (SHC Task 44) and Heat Pump pro-
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gramme (HPP Annex 38) Solar and Heat Pumps [1], known under the combined name Task44/Annex38 (T44/A38),
where the present work is embedded.
When combined systems are well designed the enhancement of performance is very promising. However, systems
combining both technologies may also be less eﬃcient than expected, performing worse compared to a system without
the solar part, if the combined system is not well designed. The main reasons of poor performance can be attributed to
wrong hydraulic connections and system controls [2] or bad combi-storage stratiﬁcation. A combi-storage is deﬁned
as a device for storing energy for both, DHW and SH, within one storage unit and at diﬀerent temperature levels.
Up to now, the increase of the seasonal performance factor of combined systems has only been studied for speciﬁc
cases and climates (see e.g. [3]). The goal of this paper is to systematically assess the potential beneﬁt of adding solar
thermal systems to a heat pump in diﬀerent climates around Europe. Here, only parallel system concepts (see [4])
will be described. This means that heat pump and solar collectors are not connected in series and solar heat cannot
be used as heat input for the evaporator of the heat pump. Only system concepts (hydraulic solutions) that proved to
show a good performance in previous studies have been considered [2].
The results presented in this work are meant to help customers, installers or planers to decide for their speciﬁc
climate and heat load if the expected electrical savings are justifying the additional cost of adding solar thermal to a
heat pump system. This decision can take into account the speciﬁc cost of investment, the speciﬁc electricity price,
and possibly also non-monetary environmental beneﬁts. These values are inﬂuenced by subsidies, diﬀer from location
to location, and change with time. Therefore they are not evaluated in this paper. A simpliﬁed global model that is
able to calculate the beneﬁt of adding solar thermal for diﬀerent systems including climate particularities and building
loads among other variables, without the need of annual simulations has not been developed yet.
2. Methodology
A pre-validation task of Polysun-6 (http://www.polysun.ch) simulations has been undertaken by comparing the
results with predictions from TRNSYS simulations (http://www.trnsys.com) for combined Solar and Air Source Heat
Pump (SASHP) and for Solar and Ground Source Heat Pump (SGSHP) parallel systems. TRNSYS simulations are
based on the EU-FP7 project MacSheep (http://macsheep.spf.ch/). Results have been compared for three buildings
SFH15, SFH45 and SFH100 of T44/A38 (see [5,6] for details) in Strasbourg. The three buildings represent a low
(SFH15), medium (SFH45) and high (SFH100) building energy demand (Qd), where the numbers, 15 for example,
stands for the yearly energy demand per building heated surface area in the city of Strasbourg in kWh/m2. The
buildings SFH15 and SFH45 have low temperature heat distribution systems (T f low=35 oC and Treturn=30 oC) and
the building SFH100 has a higher value of T f low=55 oC and Treturn=45 oC. A straightforward implication of these
temperatures is that the seasonal performance factor of the heat pump for the SFH100 is lower compared to the other
buildings.
For the mentioned pre-validation task, the space heating (SH) loads were introduced as a heat sink element in
Polysun-6. The heating loads were previously calculated with TRNSYS building model Type56. Once these
comparisons were satisfactory, the same system template was used in Polysun-6 including its own building model
to avoid the necessity of creating diﬀerent sink ﬁles for each climate and heat load. The building model of Polysun-
6 is not as detailed as the one used in Type 56, but since the interest of the present study is in relative values,
the simpliﬁed model of Polysun-6 is considered to be accurate enough. Values were selected in the Polysun-6
building model to obtain a similar yearly heating demand as in the case of TRNSYS for Strasbourg. Afterwards, the
same building was moved around Europe without any modiﬁcation of the building deﬁnition.
The domestic hot water (DHW) tapping proﬁle is obtained from T44/A38 [5] and the cold water temperature is set
to 10 oC everywhere, thereby DHW energy load is considered to be constant for all locations. The combined systems
consist of a parallel system with a combi-storage as a connecting component between the heat delivered from the heat
pump, the solar thermal heat input, and the useful energy delivered to DHW or SH. In order to show the possible
energy ﬂows within the system the chart proposed by Frank et al. [4] is used in Fig. 1(a) to present the scheme of the
parallel SGSHP system simulated in Polysun-6 that is shown in Fig. 1(b).
The combi-storage has separate connections for charging the storage DHW and SH zones by the heat pump. As
recommended by Haller et al. [2], the return line from the storage to the heat pump in DHW charging mode is above
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the zone aﬀected by SH operation, and the position of the sensor used for DHW charging control is well above the
space heating zone of the combi-storage.
When the heating systems are moved around diﬀerent locations the heating loads for each building change and
therefore the systems need to be resized. The peak load for SH is calculated and the heat pump size is selected from
the catalogue of Polysun-6 from this peak value adding a safety factor of 1.5 to account for DHW loads. The idea
is to obtain a system that does not need any auxiliary energy from another source apart from the heat pump and the
solar thermal system. Each heat pump selected has a diﬀerent Coeﬃcient of performance COP at nominal conditions,
the range is between 4.3 and 4.7 for brine source at B0/W35 and between 3.2 and 3.7 for air source at A2/W35 heat
pumps. With the nominal conditions of the heat pump the length of the borehole is obtained using the rule of thumb
of 50 W of nominal heat extraction per meter of borehole. Only single boreholes are used.
(a) (b)
Fig. 1. (a) Energy ﬂow chart visualization scheme [4] and (b) Polysun-6 scheme for the parallel SGSHP system simulated.
The solar ﬁeld is composed by ﬂat plate collectors with, A1=2.5 W/(m2K) and A2=0.015 W/(m2K2) obtained
from standard test EN12975 (2006) [7]. When the collector area increases the volume of the storage tank is resized
following the rule of 75 l/m2 of absorber area.
The ”heat pump only” reference system is deﬁned similar as the combined system (same components) but without
the solar part. Since systems using only heat pumps will most likely be installed without a combi-storage, the reference
system is designed with two storage tanks; one 300 l tank for DHW and another 200 l tank for SH.
All results presented in this work have been obtained from the hourly results data of Polysun-6 with a validated
post-processing tool. The post-processing was used to recalculate some values as for example the consumption of
circulating pumps when changing the mass ﬂow (due to larger collector area or heat pump size) or the consideration of
electrical consumption of the control units for the heat pump and solar thermal system. For the electricity consumption
of the control unit a constant value of 3 W during all the year has been assumed. Moreover, user deﬁned performance
indicators, as the ones deﬁned in section 2.2, can be calculated from hourly values.
2.1. Climates analyzed
Eight diﬀerent cities have been chosen to analyze the inﬂuence of the climate on the performance of the combined
solar and heat pump system. These cities represent a great part of the European climate. The Continental climate,
typical in Central and Eastern Europe, is represented by Strasbourg, Wu¨rzburg and Warsaw. The Atlantic climate par-
ticularities are included by simulations for Nantes. Madrid and Barcelona represent the Southern European climates.
Barcelona has a Mediterranean climate and Madrid a Mediterranean-Continental climate. The colder climates are
represented by Helsinki from Northern Europe and Davos, a typical alpine location.
The average monthly ambient temperature (Ta) is shown in Fig. 2(a) and the global irradiation on the horizontal
surface (Hh) is presented in Fig. 2(b) for all the cities included in the present study. The locations from Southern
Europe, Madrid and Barcelona have higher ambient temperatures and irradiance compared to the other locations.
Madrid has colder winters and hotter summers compared to Barcelona. The lowest ambient temperature is observed
in Davos followed by Helsinki. However, the solar irradiation of Davos in winter is just below those from the cities
of Southern Europe and higher than the rest. Therefore it is a very cold location with high solar radiation in winter.
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Nantes is the third city with higher ambient temperatures and the global irradiation is slightly higher than that of
the cities of Central, Eastern and Northern Europe. Strasbourg and Wu¨rzburg have very similar solar radiation and
Strasbourg has higher ambient temperatures compared to Wu¨rzburg. Warzaw climate is similar to those in Central
Europe but with less global irradiation and lower ambient temperatures in winter.
2.2. Performance indicators
In order to analyze the system performance and the improvements with respect to a reference system, several
performance ﬁgures need to be deﬁned. The main performance indicator for the system is the system’s Seasonal
Performance Factor calculated as described in [8] by:
S PFS HP =
∫
(Q˙DHW + Q˙S H) · dt∫
Pel,T · dt
(1)
where dt is the time step in [s]; Q˙ is the heat load in [W] and Pel,T the total electrical power in [W]; the subscripts
SHP, DHW and SH stand for solar and heat pump, domestic hot water and space heating respectively.
Fig. 2. Monthly meteorological data for the analysed cities; a) ambient temperatureTa and b) global irradiation on horizontal surface Hh.
The total electricity consumption is calculated as:
Pel,T = Pel,pu + Pel,hp + Pel,cu + Pel,aux (2)
where the subscripts pu, hp, cu and aux refer to circulation pumps, heat pump, control unit and auxiliary respectively.
All circulation pumps are include except the one from the SH distribution loop.
The seasonal performance factor of the heat pump alone is deﬁned as:
S PFhp =
∫
Q˙con · dt∫
Pel,hp · dt
(3)
where Qcon is the heat delivered by the condenser of the heat pump. In order to compare results from one simulation
of a particular system (SHP) to the reference system (ref) the relative increase of SPF is used:
ΔS PF =
S PFS HP − S PFre f
S PFre f
(4)
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Table 1. Results of (S)GSHP and (S)ASHP for diﬀerent collector areas for Helsinki and SFH45.
System Ac Qhp,dhw Qhp,sh Rhp,dhw Qd Pel,T S PFhp S PFS HP ΔS PFhp ΔS PFS HP fsave,el Psave,el
[m2] [MWh] [MWh] [%] [MWh] [MWh] [] [] [%] [%] [%] [MWh]
GSHP - 2.62 14.13 124.01 16.06 3.93 4.47 3.98 - - - -
SGSHP 2 1.42 14.35 66.75 16.07 3.66 4.58 4.30 2.49 7.96 6.96 0.27
5 1.04 13.98 48.85 16.08 3.44 4.65 4.58 4.06 14.94 12.67 0.49
10 0.99 13.19 46.35 16.08 3.24 4.65 4.84 4.00 21.49 17.53 0.69
15 0.83 12.54 38.98 16.08 3.07 4.68 5.10 4.62 28.14 22.01 0.86
20 0.78 11.93 36.77 16.07 2.95 4.64 5.29 3.74 32.92 24.95 0.98
40 0.80 9.83 37.74 16.07 2.58 4.51 6.01 0.98 50.89 34.32 1.35
ASHP - 2.63 14.15 124.68 16.07 5.37 3.24 2.94 - - - -
SASHP 2 1.36 14.47 66.15 16.01 5.27 3.13 2.95 -3.38 0.41 1.87 0.1
5 1.02 14.03 49.46 16.02 5.00 3.14 3.11 -3.20 6.00 6.98 0.37
10 0.99 13.21 46.69 16.09 4.68 3.16 3.38 -2.69 15.03 12.84 0.69
15 0.82 12.56 38.59 16.09 4.39 3.19 3.60 -1.67 22.50 18.30 0.98
20 0.81 11.88 38.34 16.09 4.19 3.18 3.77 -1.87 28.22 22.08 1.18
40 0.80 9.74 37.91 16.08 3.61 3.11 4.35 -4.04 48.10 32.89 1.76
Another ﬁgure for the comparison between systems is the fractional solar electricity savings deﬁned as:
fsave,el = 1 − (Pel,T )S HP(Pel,T )re f (5)
The absolute electricity savings are calculated following:
Psave,el = (Pel,T )re f − (Pel,T )S HP (6)
3. Results
Simulations of combined systems have been performed for several collector areas. The reference building and
boundary conditions deﬁned in T44/A38 [5,6] have been described for single family houses. Therefore, in the present
work, the collector area has been limited to 40 m2. Nevertheless, a more reasonable size should be around 15 or 20 m2
for this application. Calculations have been performed for the two systems SASHP and SGSHP with their respective
reference heat pump only systems ASHP and GSHP, and three buildings representing low, medium and high energy
building demands called SFH15, SFH45 and SFH100 respectively. The building SFH15 in Barcelona and Madrid
have not been included because there is no or very little (<0.2 MWh/year) need for heating in these cases.
Simulation results for the solar thermal and heat pump combinations SGSHP and SASHP, as well as for the heat
pump only systems GSHP and ASHP, for Helsinki are presented in Table.1. The table is divided in three sections:
In the left section the collector area is printed. In the central section results of interest for the particular simulation
are presented and in the right section the change of performance indicators (see section 2.2) with respect to the
reference ”heat pump only” system are shown. All variables presented in Table 1 have been deﬁned previously with
the exception of the ﬁrst three columns of the central section explained hereafter.
The ﬁrst two columns of the central section of Table 1 are used to present the amount of energy the heat pump
provides to DHW, Qhp,dhw and to SH, Qhp,sh. In the third column the following ratio is shown:
Rhp,dhw =
Qhp,dhw
QDHW
(7)
It has been suggested that for a well-designed system Rhp,dhw should be well below 100% [2] for systems with SH
supply temperatures that are considerably lower than the DHW temperatures. Therefore, for SFH100 this ratio is not
so relevant.
Lower values of Rhp,dhw means lower mixing between DHW and SH temperature levels in the storage and hydraulics
(mixing valve) and therefore less heat has to be provided by the heat pump at the DHW temperature level. As a
consequence the S PFhp increases with lower Rhp,dhw for a given system with a given collector area.
The reference ”heat pump only” systems are shown without collector area in Table 1. For a perfectly stratiﬁed
storage where the section of the tank for DHW never mixes with the SH section, as for example in ASHP and GSHP
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(two diﬀerent tanks for DHW and SH), the ratio Rhp,dhw can only be higher than 100% because of the losses of the
tank and distribution to DHW consumers. As shown by Haller et al. [2], the ratio Rhp,dhw can be decreased using
the concept of DHW priority, that is, when DHW is needed, the SH distribution pump is switched oﬀ. Using this
methodology it is possible to avoid some mixing especially when the hydraulics of the storage are not well designed.
In Table 1 it can be observed that this ratio decreases well below 100% when the solar thermal system is included due
to the appropriate hydraulic design. Therefore it was not necessary to use the DHW priority concept in the simulations.
In order to achieve these low values of Rhp,dhw the return line of the DHW section of the storage to the heat pump
must be one control volume (out of the 12 of Polysun-6@ storage model) above the input pipe of the heat pump to the
SH section of the storage. Otherwise a large mixing between the DHW and SH zones is simulated. When the solar
thermal system is added to the heat pump, the performance of the overall system and the electricity savings increase
signiﬁcantly (see last two columns of Table 1).
Fig. 3. Monthly values of the heat pump for a simulation in Madrid and SFH45. (a) Seasonal performance factor and (b) operating hours.
For the GSHP system (see upper part of Table1), the performance of the heat pump alone (S PFhp) increases when
the solar system is added because the solar thermal collectors cover some of the DHW loads at high temperature and
therefore the heat pump works less time at high sink temperatures. Positive ΔS PFhp are observed for all SGSHP
simulations and only when the solar thermal system is able to cover most of the total loads and thus the heat pump
running time is very low, the ΔS PFhp may be negative. For example with 40 m2 of absorber area, negative ΔS PFhp
are obtained in some cities (not shown here).
For the ASHP (see bottom part of Table1), the heat pump performance (S PFhp) decreases when the solar ther-
mal system is added. This decrease of performance can be observed in almost all simulations (except in some for
Barcelona) and it is more signiﬁcant for low energy buildings. Despite of this, the S PFS HP increases because the so-
lar thermal system has a much higher ratio of heat delivered to electricity consumed compared to the heat pump. The
reason why the S PFhp decreases for SASHP systems is that the solar thermal system covers part or all of the loads at
times when the ambient temperature is moderately high, i.e. spring and summer periods, where also the performance
of the air source heat pump is best.
In Fig. 3(a) the monthly seasonal performance factor of the heat pump for ASHP and SASHP have been plotted.
In Fig. 3(b) the heat pump monthly operating hours are shown. In this case, the city of Madrid, building SFH45 and
Ac =15m2 have been chosen.
In Fig. 3(a) it can be seen that for an ASHP system, the maximum S PFhp is obtained in warm periods, from May
to September ( S PFhp > 4). When the solar part is added, the heat pump does not need to run in these months (see
operating hours in Fig. 3(b)). In the coldest months, from November to February, there is no signiﬁcant diﬀerence
between the S PFhp of the two compared systems since the eﬀect of not working in its best periods is compensated by
the fact that the solar part covers some of the DHW loads as explained above. In fact, in February the S PFhp of the
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Fig. 4. Simulation results of fractional solar savings for diﬀerent cities and buildings as a function of (a) collector area and (b) ratio between global
irradiation on a tilted surface and total energy demand.
combined system is slightly higher than that of the reference. When the solar thermal system is included, two opposite
eﬀects in terms of performance can be observed in the behavior of the heat pump. However, in most cases the adverse
eﬀect in terms of S PFhp is dominant and at annual values the combined system SASHP, has a lower S PFhp compared
to the ASHP. In this speciﬁc case, due to the collector area used and high irradiation of Madrid, the operating hours
of the heat pump decrease considerably all over the year when the solar thermal system is added.
In the paragraphs above some results have been provided for speciﬁc cases. However, it is necessary to analyse the
tendencies for all climates. For this purpose, the solar energy savings, fsave,el , deﬁned by Eq. 5 are presented in Fig.
4 and Fig. 5 for all the studied locations as a function of (a) the collector area Ac (four plots of the left side) and (b)
the ratio between global irradiation on a tilted surface and total energy demand HT /Qd (four plots of the right side).
When results are presented as a function of Ac , three lines can be clearly distinguished for each system, one for
each building SFH15,45 and 100 (see Fig. 4(a) and Fig. 5(a)). However, when the ﬁgures are plotted as a function
of HT /Qd , the three calculations for each building tend to collapse into a narrower zone that could be represented
by a polynomial. However some exceptions are found in which the results do not correlate well in this way (see for
example Fig. 5(b) for SFH15 in Warsaw, Strasbourg or Wu¨rzburg).
Analysing Fig. 4 and Fig. 5 one can see that the fsave,el is higher for: a) larger collector areas; b) GSHP compared
to ASHP based systems and c) higher irradiation.
In almost all cases the fsave,el is higher for the SGSHP system than for the SASHP system. An exception to this
tendency is observed in the results for Barcelona and building SFH45. In this case, the heating demand for SFH45 is
lower than that of the DHW which leads to quite diﬀerent results. Notice that the ratio between DHW and SH loads
does not play a role for SFH100 because of the high supply temperature of the SH distribution system (see section 2).
The advantage of having a more constant source temperature for a GSHP system compared to an ASHP system
is a beneﬁt when the solar thermal system is included. Additionally, the solar thermal system leads to lower heat
extraction in the ground and thus less decrease in ground source temperature both on the short and on the long term.
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Fig. 5. Predictions of solar energy savings for diﬀerent cities and buildings as a function of (a) collector area and (b) ratio between global irradiation
on tilted surface and total energy demand.
Nevertheless, the long term eﬀect cannot be seen in the presented results because only one year has been simulated.
However, a comparison with simulations for seven years has been performed for some cases but these showed only
minor diﬀerences to the one year results.
Although the potential beneﬁt in terms of fsave,el is higher for SGSHP compared to SASHP systems, it does not
imply a higher absolute decrease of electricity consumption. In Fig. 6(a) the absolute electricity savings Psave,el have
been plotted along HT /Qd in Wu¨rzburg for both SASHP and SGSHP systems for the three buildings. Even though the
fsave,el of SGSHP is higher compared to SASHP, the absolute electricity savings are lower for the same collector area
for SFH15 and SFH45, but not for SHF100. This tendency is usually observed in other cities (results not presented
here), for SFH15 and SFH45 the absolute savings tend to be higher for SASHP compared to SGSHP, but for SFH100
depends more in the collector area. See for example in Fig. 6(a), SFH100 and collector areas below 20 m2 the absolute
savings are higher for SGSHP. Absolute electricity savings are not only functions of the electricity consumption of the
reference system but also to the relative improvements for the combined system. Basically, in terms of Psave,el , the
combination of higher fsave,el and lower performance of the reference system will lead to the higher potential beneﬁt
of adding the solar thermal system.
The reason why the fsave,el increases with the solar radiation of a speciﬁc location is clear. However, it should
be taken into consideration that in most cases, except in Davos, higher irradiation means lower energy demand, and
therefore even though the fsave,el can be very high, the absolute savings may not be so important. For example, results
for Madrid, Davos and Helsinki are shown for SASHP, SFH45 and SFH100 in Fig. 6(b). Even though fsave,el is higher
for Madrid than for Helsinki, the absolute electricity savings are quite lower. For the same reason Psave,el is higher for
SFH100 compared to the SFH45 building. The absolute electric savings of Davos are the highest because this climate
has a very high space heating demand despite of its high irradiation in winter.
The theoretical beneﬁt of adding a solar thermal system to a heat pump can be estimated from results presented
above. Nevertheless, the estimation will not be meaningful for systems, loads, collectors, hydraulics and locations
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diﬀerent from those studied here. Therefore a simpliﬁed model able to account for some variations of SH and DHW
loads, climate, collector design, etc..., without the need of yearly dynamic simulations would be desirable.
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Fig. 6. Predictions of absolute electricity savings as a function of the ratio between irradiation on tilted surface and total energy demand. (a)
Comparison between SASHP and SGSHP for Wu¨rzburg and (b) comparison of a SASHP between Madrid, Davos, and Helsinki.
4. Conclusions
The potential of adding a solar thermal part (S) to a heat pump system has been studied for several cities around
Europe representing most of the climates of the continent. Three diﬀerent buildings representing low, medium and
high energy demand have been simulated numerically including air source and ground source heat pump systems
(ASHP and GSHP, respectively). The potential beneﬁt has been studied by comparing the combined systems with
their respective ”heat pump only” reference solutions. The system performance improvements are signiﬁcant in all
simulations.
When the solar thermal system is added to a GSHP, the seasonal performance factor of the heat pump tends to
increase. For ASHPs the opposite is observed at annual values. For this reason the fractional electricity savings are
higher for SGSHP compared to SASHP systems. However, the energy demand of the ”heat pump only” reference
system has a strong inﬂuence on the absolute electricity savings. Therefore, despite lower fractional savings, the
absolute electricity savings of SASHP are, in many cases, higher compared to the SGSHP systems. Furthermore, the
absolute electricity savings are lower for low energy demand buildings than for high energy demand buildings with
the same collector area. For the same reason, even though the fractional savings are always higher for cities with
higher irradiation, it may be that the absolute electricity savings are lower because of the lower energy demand of the
location.
The optimal climate in terms of absolute electricity savings per collector area is the alpine climate of Davos with
very low temperatures (i.e. a high demand for space heating) but at the same time high irradiation in winter. For 20
m2 of absorber area and building SFH45, the fractional electricity savings in Davos are 0.49 and 0.46 and the absolute
electricity savings are 1.98 and 2.51 MWh for SGSHP and SASHP respectively.
Generalizing, in terms of absolute electricity savings, the highest beneﬁts can be expected for systems with a low
performance of the heat pump (ASHP compared to GSHP and depending of fractional savings) and with a high heat
demand in a location with high irradiation in winter.
The theoretical beneﬁt of adding a solar thermal system to a heat pump can be estimated from results presented
in this work. Nevertheless, results will not be reliable for conditions diﬀerent from those studied here. Therefore
a simpliﬁed model using for example multidimensional polynomials or nomograms would be desirable. The cost
eﬀectiveness of the combined systems is also of importance and it is still to be analysed.
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